Background: Hypersplenism due to chemotherapy-related liver injury has been associated with severe thrombocytopenia that may preclude continuation of systemic therapy for cancer patients. Patients treated for metastatic colorectal cancer (mCRC) are among the most common patients affected by hypersplenism. Cessation of systemic therapy invariably leads to progression of disease. While partial splenic embolization has been employed successfully to reverse the effects of hypersplenism, the role of laparoscopic splenectomy for this problem has not been completely defined. Methods: A retrospective review was conducted of mCRC patients treated with laparoscopic splenectomy at our institution to reverse severe thrombocytopenia due to chemotherapyrelated hypersplenism. An endpoint assessed was the ability to resume therapy after splenectomy. Results: Six patients with mCRC and hypersplenism requiring cessation of systemic therapy underwent laparoscopic splenectomy. All (6) patients had a postsurgical platelet count >150 × 10 3 /μl and resumed chemotherapy after surgery. Median platelet count prior to surgery was 66 × 10 3 /μl, and just prior to resuming systemic therapy it was 399.5 × 10 3 /μl. Median spleen size was 14.0 cm. There were no surgical complications. Mean hospital stay was 2.8 days and the median time from surgery to resumption of therapy was 23.5 days.
Introduction
Metastatic colorectal cancer (mCRC) affects approximately 50,000 people a year [1] . The cornerstone of treatment for these patients is systemic chemotherapy, especially with oxaliplatin-based regimens. Acquired thrombocytopenia is a condition that complicates treatment with many chemotherapy regimens. Of the known mechanisms of chemotherapy-induced thrombocytopenia, bone marrow suppression is the most common. Oxaliplatin is also associated with two other etiologies of thrombocytopenia. The first etiology is rare and is related to drug-specific antiplatelet antibodies [2, 3] . The second etiology is much more common and is related to hypersplenism due to portal hypertension as a result of oxaliplatin-induced hepatic sinusoidal injury [4] [5] [6] [7] [8] [9] [10] [11] [12] . This effect of oxaliplatin is largely reversible and the size of the spleen as well as platelet counts may return to baseline over 18-24 months following discontinuation of therapy [4, 11] . Other chemotherapeutic agents, including 5-fluorodeoxyuridine and irinotecan have also been associated with thrombocytopenia due to hypersplenism but to a much lesser degree than oxaliplatin [4, 8, 13] .
Unfortunately, prolonged withdrawal of a drug causing the thrombocytopenia in the presence of active metastatic disease may preclude systemic treatment indefinitely. Cessation of otherwise effective treatment in patients with mCRC is generally associated with progression of their disease. Partial splenic embolization (PSE) has been shown to reverse hypersplenism and to allow certain cancer patients to resume chemotherapy [13, 14] . Splenectomy, on the other hand, while utilized under other circumstances, has not been well described for the treatment of hypersplenism due to chemotherapy [15] [16] [17] [18] [19] [20] . Nonetheless, prior studies have demonstrated the value of splenectomy in slightly different clinical scenarios. Splenectomy has allowed patients with viral hepatitis and hepatocellular cancer (HCC) to start or resume antiviral therapy in addition to cancer-specific interventions [15] [16] [17] [18] [19] [20] . In the present study, we retrospectively reviewed the use of laparoscopic splenectomy in patients with hypersplenism-related thrombocytopenia related to the systemic treatment of mCRC.
Methods
Between March 2010 and May 2012, 6 patients (4 males, 2 females) who were diagnosed with mCRC and experienced persistent thrombocytopenia associated with splenomegaly underwent laparoscopic or hand-assisted laparoscopic splenectomy to correct thrombocytopenia requiring cessation of chemotherapy (table 1). The patients' median age was 51.8 years (range 43-66). In this study, medical records were retrospectively reviewed and the data utilized were de-identified and password-secured. The study was granted exemption status by our Institutional Review Board.
Splenomegaly was defined by a single measurement of the long axis of the spleen by computed axial tomography (CT) scan greater than 9.76 cm as described by Bezerra et al. [21] . Median splenic length in our study was 14.0 cm (range 9. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Five of the 6 patients underwent bone marrow aspiration to exclude bone marrow suppression as a cause of thrombocytopenia. The results of all 5 aspirates were normal (data not shown). Patients were evaluated for causes of thrombocytopenia other than hypersplenism and bone marrow suppression, where applicable. There was no evidence of portal vein thrombosis in any of these patients.
In all cases, splenectomy was initiated laparoscopically. In 2 cases, this was converted to a handassisted laparoscopic approach due to the size of the spleen. This cohort of patients represents all patients with mCRC with treatment-related hypersplenism referred for possible splenectomy. Patients were admitted postoperatively to the hospital with patient-controlled analgesia and were converted to oral pain medication as determined by their level of pain. Patients were discharged when they tolerated a diet and their pain was controlled with only oral medication (in addition to any baseline pain medication patients might have used for unrelated and pre-existing pain issues; 1 patient).
The endpoints of the study were platelet counts >150 × 10 3 /μl and the resumption of chemotherapy after splenectomy. Additional data collected were pre-and post-splenectomy platelet counts, perioperative complications and readmission rates within 30 days of surgery, length of hospital stay, overall survival since diagnosis of mCRC, and overall survival following surgery.
Results
In the 4 patients who underwent laparoscopic splenectomy and the 2 patients who had laparoscopic converted to hand-assisted laparoscopic splenectomy, the mean length of hospital stay was 2.8 days (range 2-4). There were no complications. One patient was admitted within 30 days of surgery for shortness of breath related to his underlying pulmonary disease and was discharged within 23 h.
In all patients, platelet counts returned to >150 × 10 3 /μl after splenectomy ( fig. 1) . The median lowest platelet count was 66 × 10 3 /μl (range 57-77) prior to splenectomy. Immediately prior to splenectomy, the median platelet count was 94 × 10 3 /μl (range 59-126). Within 4 weeks post-splenectomy, platelet counts increased to a median of 631.5 × 10 3 /μl (range 465-759) and remained at a median of 399.5 × 10 3 /μl (range 280-506) immediately before resuming chemotherapy.
All 6 patients resumed systemic treatment after splenectomy. The median time to treatment after splenectomy was 23.5 days (range 14-90). Some patients resumed treatment with bevacizumab, which was not initiated until approximately 8 weeks after splenectomy (data not shown). The mean number of systemic therapy regimens (including targeted therapies and single or multiple combined agents) prior to splenectomy was 1.8 (range 1-4), with all patients having received oxaliplatin. After splenectomy, the mean number of regimens utilized for these 6 patients was 2.2 (range 1-3). When comparing regimens used before and after splenectomy, there was overlap of parts of chemotherapy regimens in 5 out of 6 patients. Of the 6 patients who underwent splenectomy, 5 are alive and currently continuing treatment (data not shown). For the entire group, the mean overall survival from the date of diagnosis of mCRC was 32.9 months (range 15.5-75) with a mean survival after splenectomy of 10.4 months (range 2.1-19.0).
Discussion
Thrombocytopenia due to hypersplenism may complicate adjuvant treatment with chemotherapy for colorectal cancer patients, but usually this problem is self-limited and reversible. This etiology of thrombocytopenia has been noted particularly in patients who receive oxaliplatin [4-6, 8-10, 12] . In studies by Overman et al. [4] and Angitapalli et al. [11] , splenomegaly in colorectal cancer patients who received adjuvant therapy with oxaliplatin resolved after 18-24 months. This type of thrombocytopenia, if it occurs during treatment for metastatic disease, is far more problematic. When persistent and significant thrombocytopenia develops during therapy for mCRC, chemotherapy must often be stopped, resulting in a significant risk of disease progression. Interventions directed at the spleen may allow patients with chemotherapy-induced hypersplenism to resume therapy. In this study, our cohort of 6 patients with mCRC who had developed hypersplenism precluding the continuation of systemic therapy were treated successfully with laparoscopic splenectomy allowing the resumption of chemotherapy in each patient.
PSE is an effective means of reversing thrombocytopenia due to hypersplenism. In the study by Kauffman et al. [13] , somewhere between 79 and 96% of the cancer patients studied resumed systemic therapy after PSE [13] . Similar to our study, that study included 14 patients with mCRC, many of whom were treated with oxaliplatin prior to developing hypersplenism [13] . Although this previous study included a heterogeneous group of patients, a median survival of 9.4 months was noted after PSE [13] . In our study, including only patients with mCRC, we noted a mean survival of 10.4 months after splenectomy.
PSE also has been utilized to treat hypersplenism in patients with either viral hepatitis or HCC to facilitate initiating or resuming therapy [22] [23] [24] [25] . In patients with hepatitis C, PSE resulted in greater patient adherence to the planned therapy with interferon [22] . In patients with HCC, PSE when combined with transcatheter hepatic arterial chemoembolization resulted in fewer bleeding complications due to the disease [23, 24] . Most of the limitations on using PSE relate to the systemic inflammatory effects or risk of complications due to ischemia of the spleen. These include abdominal pain, small bowel ileus, fever, and a risk of splenic abscess. These associations may be reflected in the length of hospitalization and generally are proportional to the volume of the spleen which is embolized [13, 23, 24] .
Splenectomy is another effective way to address thrombocytopenia due to hypersplenism. The benefits of laparoscopic splenectomy have been shown in studies of patients with cirrhosis-related hypersplenism in which thrombocytopenia contributed to bleeding complications and/or limited treatment options [18, 19] . Some studies, although not performed in a randomized fashion, also suggest that splenectomy actually may extend survival and, in that regard, may be superior to PSE among patients with HCC [15, 19] . In our study, the mean survival from diagnosis of mCRC was 32.9 months, during which time patients received an average of 2.2 different treatment regimens after splenectomy. The mean length of hospitalization in the present study of 2.8 days also compares favorably with the 4.5 days reported previously for PSE.
Our study represents a highly select patient population, which is a limitation of the study. Nonetheless, our results and those of others suggest that laparoscopic splenectomy is a viable option to address treatment-related hypersplenism. Oxaliplatin and to a lesser degree other chemotherapy agents have been associated with hepatic injury and yet often remain the best treatment options for patients with mCRC. The extent to which thrombocytopenia due to hypersplenism complicates treatment with oxaliplatin is unclear, but up to 24% of patients treated with oxaliplatin are thought to develop splenomegaly [4] . Laparoscopic splenectomy, like PSE, may represent an effective means to treat hypersplenism and allow such patients to resume treatment. Moreover, collectively, data regarding laparoscopic splenectomy or PSE suggest that these interventions may improve longevity with low associated morbidity in cancer patients, especially patients with mCRC.
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